Abstract: A method is presented for defining the five classes of ecological quality based on a multimetric index (MMI) of macroinvertebrates, as required for implementation of the Water Framework Directive for small (catchment area 10-100 km 2 ), medium (101-1000 km 2 ) and large (> 1000 km 2 ) streams. Our method (expert judgment) allows us to overcome an absence of reference sites for some stream types. The key was selection of suitable metrics for all stream types. The whole procedure was divided into two parts. 1. Small streams with reference sites: suitable metrics were selected according to their ability to distinguish reference and monitoring sites -SI, Oligo [%], BMWP, RhiTI, Rheoindex, IBCR, % Aka+Lit+Psa [%] and EPT. Here the high-good boundary value was set as the 25 th (for metrics decreasing with increasing pollution) or 75 th percentile (for metrics increasing with increasing pollution). 2. Medium and large streams which lack reference sites: here the idea was applied that some metrics, the values of which change along an altitudinal gradient, also react to anthropogenic stress -SI, Oligo [%], BMWP, [%] metarhithral, RhiTI, Aka+Lit+Psa [%] and EPT for both medium and large streams with, in addition, IBCR and NFam for medium streams. This assumption was supported by regression analysis of altitude and metrics from small streams. Not all the metrics were related to altitude but metrics with a good ability to separate reference and monitoring sites did show a significant relationship to altitude. The boundary between high and good class for medium and large streams was set as the 95 th or 5 th percentiles.
Introduction
A demand to integrate various assessment systems into one common system for all Member States resulted in the EU's Water Framework Directive -WFD (European Commission 2000). The EU WFD (Directive 2000/60/EC -Establishing a Framework for Community Action in the Field of Water Policy) established a framework for the protection of all kinds of water bodies. The idea of the "Reference Condition" (Hughes 1995) , as a unifying concept, was embraced in order to harmonize the results obtained from different assessment protocols used in different countries (Furse et al. 2006 ).
To meet the new requirements of the WFD Member States have had to adapt their national assessment programmes or develop completely new ones. For this reason various national and international projects were started in order to develop and adapt the assessment systems. Two international EU projects that focused on macrobenthic fauna as one of the biotic indicators were AQEM (Hering et al. 2004 ) and STAR (Furse et al. 2006) . Their aims were to support the implementation of the EU WFD, to judge the existing assessment systems and to derive a common system which would meet all the criteria of the WFD. For assessment purposes a multimetric approach frequently used in the USA (Barbour et al. 1992,) was also adopted in the AQEM/STAR project (Hering et al. 2004 Ofenböck et al. 2004 ).
In the Slovak Republic the preferred system for water quality (saprobity) assessment was that proposed by Zelinka & Marvan (1961) but this type of assessment did not take into consideration natural changes of biota along longitudinal gradients or differences caused by stream size and geology. With implementation of the WFD a need emerged to establish stream typology and development of an assessment system based on a multimetric index.
Stream typology (abiotic descriptors) reflects the natural variability of water ecosystem characteristics that may be expressed by the abundance and diversity of invertebrate communities. Furthermore, according to the findings of Lang & Reymond (1993) , based on data from Swiss rivers, the diversity of invertebrates increases with altitude because the human population and the impacts resulting from its activities decrease upstream. The same results were found by Statzner & Sperling (1993) . But, apart from anthropogenic impacts, the water biota also changes naturally along streams. The river continuum concept (Vannote et al. 1980) perceives river systems as continuous resource gradients of physical variables and shows patterns of loading and transport, as well as utilization and storage of organic matter, along rivers. The influence of altitude on zoobenthos communities has already been described, e.g., in the works of Thienemann (1912 Thienemann ( , 1925 , Illies & Botosaneanu (1963) , Hynes (1970) , Hawkes (1975) and Ward (1986) , as has the major role played by temperature in determining the distribution and abundance of zoobenthos along altitude gradients (Hynes at al. 1970; Ward at al. 1982; Minshall et al. 1985; Ward 1985 Ward , 1986 .
The intensity of anthropogenic activities leads to different degrees of degradation of the water environment which is, according to the WFD, described by one of the five ecological quality classes ranging from high status to bad status. Setting threshold values for these 5 ecological classes is based on comparisons of reference and monitoring sites.
The aim of this study was to propose a procedure that develops a multimetric assessment system for Slovak streams, based on macroinvertebrates, which includes definition of the threshold values for individual metrics; as well as a proposal for a multimetric index and means of setting an Ecological Quality Ratio (EQR). Assessment of large streams, mainly at low altitudes, still remains a problem due to the lack of reference sites. According WFD, in such cases expert judgement should be used. In addition to assessment of streams where reference conditions do exist, we tried to solve the problem of assessment of larger streams in terms of selecting suitable metrics.
Material and methods

Data processing
Data were analysed from the Slovak National Monitoring Program of surface water quality, consisting of reference and monitoring sampling sites, supplied by the Slovak Hydrometeorological Institute (SHMI). Macroinvertebrates for data analyses were collected in the spring and autumn seasons, in the years 2002-2004. The sampling method was that used in the AQEM/STAR projects (Hering et al. 2004; Furse et al. 2006) .
Altogether, 125 samples from reference sites and 342 samples from monitoring sites were analysed (Table 1) . Monitoring sites included the whole range of environmental stressors, from close to good to bad water quality sites. The sampling sites designated as monitoring sites that were analysed belong to the national surface waters quality monitoring in Slovakia. One of the main monitoring objectives is the detection of anthropogenic activities and the quantification of their impacts on the surface water. This is why the sampling sites were located, from a water management point of view, on the important rivers (mainly medium and large streams), in the mouths of the rivers, below reservoirs, in tributaries and close to relevant industrial and diffuse sources of pollution. The placement of the monitoring sites is along the rivers so that they can give a picture of the conditions in the main stream and hence, indirectly, in tributaries -the catchment. The reference localities analysed are located on small rivers, taking into account criteria of their hydromorphological characteristics, land cover, water quality, fisheries, etc.
Stream typology
The typology of streams was adopted in the Slovak Republic in April 2007. It was approved by the Ministry of the Environment and will be officially published in the River Basin Management Plan in the year 2009. The official typology takes into account only three descriptors: ecoregions (10 -Carpathians and 12 -Hungarian lowland), the catchment size (small streams with area < 100 km 2 , medium with area 101-1000 km 2 and large with area > 1000 km 2 ) and altitude (< 200 m, 201-500 m, 501-800 m, > 800 m). The main problem that had to be solved was the low number of reference sites on medium, and no reference sites on large streams. This results from the fact that such streams flow through country with strong anthropogenic pressures and small streams are usually situated in relatively less disturbed mountain and alpine areas. This is also the case in Slovakia, a mountainous country where agriculture and industry is concentrated in sub-mountain and lowland areas.
For the development of the multimetric assessment system for macroinvertebrates only two abiotic typology descriptors have been taken into account -catchment size and altitude, which led to 10 stream types (Table 1 ). Due to insufficient data from the reference sites it was not possible to take into consideration different types of geology and influences of two ecoregions on the macroinvertebrates.
All the sites sampled were grouped into these nine stream types and in all procedures the stream types were treated separately.
Calculation and selection of suitable metrics
Quantitative data on benthic invertebrates from the reference and monitoring sites were processed according to the methods of AQEM (AQEM consortium 2002) and using the program ASTERICS (AQEM/STAR Ecological River Classification System; Furse et al. 2006 ). More than 200 metrics, belonging to several groups (sensitivity/tolerance metrics, composition/abundance metrics, richness/diversity metrics, and functional metrics), were calculated. Some metrics had to be excluded because they contained too many zero values or showed a very narrow range of values. Other metrics (such as IBE or BBI) were excluded because they were considered not to be suitable for Slovak streams, having been developed for a specific country.
When considering the small streams, an environmental stressor gradient was represented by sites covering the range from high quality to bad sites. These sites were grouped into two categories -unstressed (reference sites) and stressed (monitoring sites). Box-and-whisker plots were then used to visualize this gradient. An ideal metric for our purposes should thus be responsive to a stressor, have a low natural variability, provide a response that can be distinguished from natural variation and be interpretable .
As candidate metrics for small streams those which showed statistically significant differences (t-test for data with normal distribution, Mann-Whitney test for data with non normal distribution, P < 0.05) between reference and monitoring sites were chosen. We used the generalised linear model (GLM, McCullagh & Nelder 1989 ) combined with Poisson distribution for characterising the change of metrics selected for small streams along an altitude gradient in reference and monitoring localities. Using the type III sums of squares in analyses of covariance we tested the marginal significance of each factor -altitude gradient and ref./monit. locality. We modelled the response curves for both reference and monitoring sites separately. To select the complexity of the fitted regression models, stepwise selection was specified to be done using the F statistics based test, and the significance threshold value was set to P < 0.05. The response curves were modelled using the STATISTICA software package (StatSoft 2004) For medium streams there were only a few reference sites, for large streams none (Table 1) . When deciding which metrics are suitable for characterization of medium and large streams the influence of altitude on macroinvertebrate communities along the river continuum was taken into consideration. As candidate metrics, those that showed statistically significant dependence on altitude were chosen. This premise was tested on small streams, where both reference and monitoring sites were available. This relationship between altitude and metrics also enabled verification of derived threshold values between high-good classes.
The set of candidate metrics was further reduced by excluding metrics which reacted in the same way to disturbance of the aquatic environment and were thus redundant. Also an ability to detect different types of stressor (organic pollution, morphological and overall degradation) was taken into consideration. Classification of the metrics with regard to the type of stressor they indicate was carried out as defined by Hering et al. (2004) .
Setting the high -good threshold values of ecological quality classes
The high-good threshold value of an individual metric represents the key value that separates a reference site from others. For those stream types for which sufficient data from reference localities were available this value was set using the 25 th or 75 th percentile from the set of metric values from reference sites. The 25 th percentile was used for those metrics whose values decrease with increasing pollution (e.g., the BMWP score), while the 75 th percentile was used for those metrics whose values increase with increasing pollution (e.g., the Saprobic index). In cases of absence or a limited amount of data from reference streams the 5 th or 95 th percentile of metric values from monitoring site values were used.
Setting the threshold values of five ecological quality classes using the Ecological Quality Ratio (EQR) and calculation of multimetric index (MMI) Since the individual metrics are expressed on different scales, the standardizing methodological guidelines for implementation of the WFD, as well as the prepared EU standard, introduced the so-called EQR, which enables transformation of metric values into a unified scale (0-1). Such transformation of the metric values not only simplifies assessment of the stream's ecological status, and comparison of results obtained by different metrics, but also enables one to integrate different metrics into a multimetric index. First, boundaries of the five quality classes were set. A principle was chosen, which allowed setting the unified boundaries between values of all individual metrics in the same way. The boundary values of the metrics lay in the following range of EQR: Fig. 1 . A comparison of the three metrics SI, Aka+Lit+Psa, and oligo between the reference and the monitoring sites of small rivers within 500 and 800 m a.s.l. The vertical lines are the threshold values, for SI = 1.5 (75% percentile of the reference sites-rs), for Aka+Lit+Psa = 72% (25% percentile of rs), for Oligo = 38% (25% percentile of rs). the worst attainable conditions within the stream type. In the case of metrics decreasing with pollution the reference value is the upper limit of the metric value range; the worst value is thus the lower limit of the metric value range; in a case of metrics increasing with pollution it is vice-versa. Because reference sites were not available for medium and large streams, it was not possible to derive reference values directly from the data set, but since EQR 0.8 corresponds to the 25 th or 75 th percentile, it was possible to complete values for EQR and mr using Formula 2: rv = (mr − wv) + 0.8wv 0.8 mr -metric result, which is 25 th or 75 th percentile; wvworst value derived from the monitoring data.
The multimetric index was calculated, in accordance with the prepared CEN/TC 230 N 0504, according to the general approach -the multimetric index is set as a sum of all EQR of metrics and its final value is the average value of all metrics. The final value of EQR gives the class of ecological quality of the stream assessed. Performance of the MMI was verified on reference sites of small streams, where their ecological status was known from pre-classification.
Results
Selection of candidate metrics
Small streams. Visualization of the metrics of the reference and monitoring sites by box-and-whisker plots showed different responses of the various metrics to increasing anthropogenic pollution (Fig. 1) . According to the ability of individual metrics to distinguish between the reference and monitoring sites (t-test/MannWhitney test), and after removing redundant metrics, the following set of metrics was selected: SI, Oligo [%], BMWP, RhiTI, Rheoindex, IBCR, Aka+Lit+Psa [%] and EPT. These metrics covered taxonomic composition, ratio of sensitive/insensitive taxa and diversity. Abundance metrics showed little ability to distinguish between reference and monitoring sites and were therefore not included in the multimetric index.
In the generalised linear model (GLM) the type III sums of squares have shown that two tested factors, altitude gradient and ref./monit. locality, have highly significant effects on the selected metrics (Table 2 ). All 8 metrics responses to altitude, however, differed in shape of the response curves in reference and monitoring localities (Fig. 2) .
Relationship of metrics to altitude: We assumed that metrics related to altitude, reflecting the natural organic loading increasing downstream, are also able to reflect anthropogenic organic loading and this hypothesis was tested on small streams. Regression analysis showed that metrics which were not able to separate reference and monitoring sites in all altitudinal classes, also had no, or very low relationships to altitude gradient (Fig. 3) . All metrics chosen for the MMI calculation were also correlated with altitude (Table 3 ). The regression plots of these metrics showed identical or very similar kinds of response of reference and monitoring streams to altitude gradient, only shifted due to worse metric values in monitoring sites (Fig. 4) . Medium and large streams. The relationships of metrics to altitude were also tested for medium and large streams and were used for selection of suitable metrics for the MMI calculation. Analysis showed that all the metrics chosen for small streams were also suitable for medium and large streams, except Rheoindex. A linear relationship of metric-altitude was recorded for SI (Figs 5A-C) and for IBCR (Table 3) . For metrics Aka+Lit+Psa [%] a logarithmic increase was observed (Figs 5D-F) and for the metrics EPT, BMWP and RhiTI a characteristic non-linear relationship was recorded in small streams (Table 3) .
Multimetric index calculation
Metric boundary values for all stream types are shown in Appendix 1. Applying the multimetric index to sites of all stream types, from 116 reference sites for small streams, 96 localities (83%) were assessed as high class, 19 localities (16%) as good class and one locality as class moderate. No site was assessed as bad or poor class.
From the medium streams most of the sites (38%) were allocated into moderate and poor classes (30%). For large streams most sites (45%) were assigned as poor.
Discussion
Selection of metrics
The least appropriate metrics on the list seemed to be those of the Locomotion type group and also some biotic indices, such as DFSI or BBI. These indices are based on taxa determined to genus or family level, which seemed to be insufficient for assessing the quality of streams in Slovakia. When it was possible to choose a metric for which the taxa score = 100%, these metrics were preferred, because the percentage of unavailable information was removed. These metrics also showed Table 2 ).
a better ability to distinguish between reference and monitoring sites when compared with analogous metrics. Abundance metrics have not been included in the analysis because of too much natural variability and they were therefore considered unsuitable. According to Hering et al. (2006) the stressor gradient may be a continuous measure, or can be classified into five classes, or just into two classes -unstressed Table 3 , Appendix 1). Explanations: Regressions were calculated for reference sites on small streams; and all sites for medium and large streams of all altitudinal classes. Type of regression curve, R and F values are shown, n = number of the sampling sites (**P < 0.01) (see also Fig. 3 , Appendix 1).
and stressed. Because pre-classification into five classes was not possible, only two classes of site degradation were used -reference (unstressed) sites and monitoring (stressed) sites for the small streams. Selection of suitable metrics for small streams was also based on the ability to distinguish between unstressed and stressed sites in all altitude classes. For medium and large streams, where almost no reference sites were available, all sites formed one group -stressed sites. To select suitable metrics for these streams it was necessary to propose an appropriate model. This model comes from the idea that metrics, the values of which change along an altitudinal gradient, also react to anthropogenic stress. The influence of altitude on zoobenthos is evident (Thienemann 1912 (Thienemann , 1925 Illies & Botosaneanu 1963; Hynes 1970; Hawkes 1975; Ward 1986 ), reflected of course by changes in the metrics. According to Barbour et al. (1999) a metric is the "characteristic of the biota that changes in some predictable way with increased human influence". This was also confirmed by Statzner & Sperling (1993) and Lang & Reymond (1993) but also in natural streams there are clearly continuous gradients of physical variables in the system such as patterns of loading, transport, utilization and storage of organic matter, all of which are subsequently followed by the response of the aquatic biota (Vannote et al. 1980 ).
Our assumption was tested on small streams using regression analysis which showed that not all metrics are related to the altitude gradient. At the same time, all metrics that were able to separate reference and monitoring sites for small streams did show a significant relationship to altitude. This principle was applied to medium and large streams. Some differences in the metric/altitude relationship were detected in small streams on the one hand and medium/large streams on the other hand. The dependence of metric values on altitude was mostly linear in the medium and large streams, whereas it was usually non-linear in the small streams. Differences between the types of curve for small and medium/large streams were registered with EPT, BMWP and RhiTI (Table 3 , Appendix 1), where a non-linear relationship was recorded in small streams. For example in the case of EPT, such a relationship can be explained by the fact that the small streams at high altitudes (above 800 m a.s.l.) are poorer in number of species than the streams at lower altitudes, the highest numbers of taxa being recorded in the small streams at altitudes of 500-800 m a.s.l. A similar result from streams in Slovakia was confirmed by Krno (2003) with regard to stoneflies. Alfa-diversity of stoneflies showed the same non-linear relationship between species richness and altitude as we registered for EPT. Maximum richness of stoneflies was registered in streams at an altitude of about 750 m a.s.l.
Setting the threshold values of ecological quality classes According to Hering et al. (2006) several types of definition of worst and best metric values and scaling are possible. For small streams with reference sites, we decided to set the 25 th percentile (for metric values decreasing with pollution) or the 75 th percentile (for metric values increasing with pollution) as the threshold values between high and good status. For medium and large streams the 5 th or 95 th percentiles were used. This value corresponds to EQR = 0.8 and the rest of the range was equally distributed among the classes. This way of setting class boundaries was preferred because of the type of data available. Because satisfactory information about the degree of impairment of monitoring sites was not available, it was not possible to determine the proportion of individual quality classes in the set of monitoring sites. Therefore a detailed pre-classification was not performed. Because streams from acid and alkaline ground were mixed together, such parameters as pH, conductivity or nutrition content vary considerably and we did not consider the use of physico-chemical data to be appropriate.
Multimetric index calculation
Application of the multimetric index/indices, in accordance with the prepared standard CEN/TC 230 N 0504, belongs to the basic methods of assessment of water body status. The multimetric index integrates many attributes of the communities (metrics) in order to describe and evaluate their conditions. When combining different kinds of metrics, different environmental conditions are taken into account and, as a result, an assessment becomes more reliable.
Following the general approach of setting the MMI for a site, a final EQR value was calculated as the mean value of EQR of all the selected metrics of that site. The set of metrics selected for calculation of the multimetric index contains metrics reflecting organic pollution, degradation in stream morphology and overall degradation. We decided not to use a stressor-specific approach, according to which the MMI is set separately for organic pollution, hydromorphological degradation and overall degradation. In this case, the final values of the indices are compared and the worst value determines the ecological class. Using a stressor-specific approach in our case would mean that fewer metrics would be used for the calculation of scores for hydromorphological and general degradation. For example, for our large streams eight metrics were selected as suitable, but of these only three can detect general degradation. In cases of extreme values for some of these three metrics the resulting class may be influenced by these metrics when comparing them with the class derived from all metrics. We therefore decided not to apply a stressor-specific approach but a general approach in which the final score represents an average EQR value of all metrics. Ecological class derived from the calculated MMI for small reference streams supported their allocation as a reference site, with one exception, when for that one site moderate status was assigned due to bad values of metrics. This site should therefore be considered for exclusion from the reference sites. Small streams had sites more equally distributed among all ecological classes. Medium streams were mostly rated as "moderate" and large streams as "poor", which corresponds to the real situation that large streams suffer most from anthropogenic stress.
From comparison of single metric boundary values for individual altitude classes, for small, medium and large streams, it is apparent that for some metrics in small streams differences between altitudinal classes are quite small. This applies to SI, IBCR, Rheoindex and EPT. Therefore unifying boundary values for these metrics could be considered in the future.
At the same time, we are conscious of some weak points in our procedure. Pre-classification of medium/large stream sites that are missing should be carried out, so that we can verify if the 5 th /95 th percentile as the high-good boundary value is suitable. Also, the way of selecting metrics for streams types without reference sites is open to discussion. The whole procedure should be verified using the independent set of data and reference data from medium/large streams should be added.
Conclusions
Our study presents the procedure of multimetric index calculation used for Slovakian streams of currently defined stream types. For small streams in all altitudinal classes reference sites were available and the selection of metrics was based on their ability to separate the monitoring and reference sites.
At the same time, we propose a model for how to deal with MMI calculation in cases which lack reference data. An altitude-metrics relationship was used for selection of the metrics for medium and large streams which lack reference sites. The validity of this relationship was tested on small streams, for which regression analysis showed that metrics that were able to separate monitoring and reference sites also showed a significant relationship to altitude. Metrics that were not able to separate reference and monitoring sites have only a small, or non-significant relationship to altitude.
The final MMI was calculated following the general approach using a mean value of EQR of all the selected metrics. Because only a few metrics would be suitable for detection of hydromorphological and gen-eral degradation, we thus avoided misclassification in cases of extreme value of these metrics.
The proposed procedure should be verified in the future using a dataset containing new rivers and sites. Explanations: Names of metrics are with the stressor that they detect (according Hering et al. 2004) : o p -organic pollution; m dmorphological degradation; g d. -general degradation.
